Abstract: 'The acute abdomen' is one of the most frequent reasons for presentation to the emergency department. There are a multitude of potential causes. Imaging plays a vital role in making an accurate and timely diagnosis, which in turn reduces morbidity and mortality. Plain abdominal radiography has traditionally been considered a fundamental part of the initial assessment of acute abdominal pain. However, with the increasing availability of computed tomography, ultrasound, and magnetic resonance imaging, the role of the plain abdominal radiograph has been increasingly questioned and its use is dwindling. During the course of this review, we will describe the current guidelines for the use of the plain abdominal radiograph and assess its potential diagnostic yield. We will also discuss its current applications in the context of the acute abdomen both in general and in a number of frequently encountered conditions and illustrate when other imaging modalities would be better employed.
Introduction
Sudden onset of severe abdominal pain that requires emergency treatment, better known as 'the acute abdomen,' is one of the most frequent reasons for presentation at the emergency department (ED).
There are a multitude of potential causes. A review of 10,682 patients presenting with an acute abdomen found that 28% had appendicitis, 9.7% cholecystitis, 4.1% small bowel obstruction (SBO), 4% a gynecological disorder, 2.9% pancreatitis, 2.9% renal colic, 2.5% peptic ulcer disease, 1.5% cancer, 1.5% diverticular disease, and 9% had a variety of less common conditions. 1 One-third of patients were not given a definite diagnosis.
Modern imaging techniques play a vital role in the investigation of the acute abdomen. An accurate and timely diagnosis is needed to minimize morbidity and mortality. Given the relatively nonspecific nature of both physical examination and laboratory investigations, there is a consensus that patients should be imaged at an early stage. [2] [3] [4] [5] Plain abdominal radiography has traditionally been considered a fundamental part of the initial assessment of the acute abdomen. As such, it is often the first radiological investigation in the ED. However, with the increasing availability of computed tomography (CT), ultrasound, and magnetic resonance imaging (MRI), the role of the plain abdominal radiograph has been increasingly questioned and its use is dwindling.
CT can provide a comprehensive review of the abdomen and pelvis. It is now widely considered the imaging technique of choice for the majority of patients presenting with an acute abdomen. [6] [7] [8] [9] [10] The limitations of plain film radiography and ultrasound, together with the advent of multidetector CT (MDCT), have facilitated this. MDCT systems have enabled greater volume coverage and thinner slice acquisition without significant increases in radiation burden. 7, 9 Ultrasound retains some advantages over CT, such as the absence of ionizing radiation, and is the investigation of choice in certain situations.
The potential of MRI for investigating certain causes of acute abdominal pain is currently being explored. Despite the long imaging times, high costs, and limited availability of MRI, the absence of ionizing radiation makes it an appropriate tool in the investigation of selected patients, particularly pregnant women and young patients, who have undergone a nondiagnostic or equivocal ultrasound examination. MRI can, for instance, be very useful in the assessment of pregnant patients with lower abdominal pain that is believed to have an extrauterine etiology, such as ovarian torsion or appendicitis.
During the course of this review, we will describe the current guidelines for the use of the plain abdominal radiograph and assess its potential diagnostic yield. We will also discuss its current applications in the context of the acute abdomen both in general and in a number of frequently encountered conditions and illustrate when other imaging modalities would be better employed.
Current guidelines for the use of plain abdominal radiographs in the assessment of the acute abdomen
The Royal College of Radiologists (RCR) has published guidelines for the use of plain abdominal radiographs.
11
They are summarized in Table 1 .
The American College of Radiology (ACR) revised their guidelines for the use of the plain abdominal radiograph in 2006. 12 The indications are listed in Table 2 . They state that there are no absolute contraindications to abdominal radiography. They also state that in many clinical situations, other imaging modalities may be more appropriate as the initial or only examination for a patient with abdominal disease.
The potential diagnostic yield of the plain abdominal radiograph
The fact that the abdominal radiograph is still considered to have so many potential indications is somewhat surprising. There is little evidence to support such widespread usage of the plain abdominal radiograph in patients with acute abdominal pain. 13 It is no secret that plain abdominal radiographs are often nonspecific and are easily misinterpreted. Interpretation is prone to interobserver variability, particularly where certain findings are concerned. One study showed excellent interobserver agreement (κ-value . 0.75) for pneumobilia, renal calculi, and pneumoperitoneum, while there was fair to good agreement (κ-value 0.40-0.75) for SBO, gallstones, colitis, thumbprinting, dilated loops of bowel, abnormal air-fluid levels, normal gas pattern, and soft tissue mass. There was poor agreement (κ-value , 0.40) for large bowel obstruction (LBO), nonspecific bowel gas pattern, completeness of SBO, location of SBO, generalized ileus, localized ileus, ascites, and ureteric calculi.
14 Four recent studies have illustrated the limited diagnostic yield of the plain abdominal radiograph. Ahn et al 15 retrospectively reviewed the records of 1000 consecutive adult patients presenting to the ED. Eight hundred and seventy-one patients underwent plain abdominal radiography, and 188 
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The acute abdomen and plain abdominal radiography underwent abdominal CT. Interpretation of the abdominal radiographs was nonspecific in 68% of cases, normal in 23%, and abnormal in 10%. Abdominal radiography had 0% specificity for appendicitis, pyelonephritis, pancreatitis, and diverticulitis. This is not surprising given that these common conditions do not have any specific radiographic features. The highest sensitivities of abdominal radiography were 90% for intra-abdominal foreign body and 49% for bowel obstruction. They therefore found that the diagnostic yield of the abdominal radiograph in this group of patients was low. This to some extent was due to the fact that 68% of the interpretations were nonspecific and hence by definition could not be diagnostic. MacKersie et al 16 prospectively evaluated and compared the diagnostic accuracy of unenhanced CT for patients presenting with a nontraumatic acute abdomen with that of traditional abdominal radiography. Ninetyone adult patients were examined over a 7-month period. The patients underwent a three-view acute abdominal radiograph series (an erect chest radiograph and erect and supine abdominal radiographs) and an unenhanced helical CT. Unenhanced helical CT was found to have an overall sensitivity, specificity, and accuracy of 96.0%, 95.1%, and 95.6%, respectively. The acute abdominal radiograph series was found to have an overall sensitivity, specificity, and accuracy of 30.0%, 87.8%, and 56%, respectively. Both Ahn et al and MacKersie et al concluded that abdominal radiographs are insensitive in the evaluation of adult patients with nontraumatic acute abdominal pain.
Kellow et al 17 retrospectively reviewed the interpretations of the initial plain abdominal radiographs of 874 patients who presented to the ED with acute nontraumatic abdominal pain. The patients' medical records were also reviewed to determine whether further imaging was performed. If further imaging had been performed, the results were compared with abdominal radiography. Interpretation of abdominal radiography was normal in 34%, nonspecific in 46%, and abnormal in 19%. Additional imaging was requested in 42% of cases with normal radiography results, 52% of cases with nonspecific results, and 59% of cases with abnormal results. Of those with normal abdominal radiography, 72% were found to have abnormal findings at follow-up imaging. This figure increased to 78% for nonspecific abdominal radiography results and 87% for abnormal results. Abdominal radiography helped confirm the suspected diagnosis in only 2%-8% for all indications other than catheter placement. Initial abdominal radiography was perhaps helpful in changing patient management without further imaging in only 4% of cases, demonstrating that plain abdominal radiography rarely contributes to patient management.
Most recently, van Randen et al 18 conducted a multicenter prospective study entitled 'The role of plain radiographs in patients with acute abdominal pain at the ED' on behalf of the optimization of diagnostic imaging use in patients with acute abdominal pain (OPTIMA) study group. The aim of the OPTIMA study group is to provide an evidence base for constructing optimal diagnostic imaging guidelines for patients with acute abdominal pain presenting to the ED. The aim of the recent study was to evaluate the added value of plain radiographs (supine abdominal and erect chest radiographs) on top of clinical assessment in patients presenting to the ED with acute abdominal pain. The diagnosis assigned by the treating physician changed after plain radiography in only 117 out of 1021 cases. This change was only correct in 39 cases. The clinical diagnosis was correct in 49% of cases. The diagnosis after evaluation of the plain radiographs was correct in 50% of cases, which is an insignificant difference. Only sensitivity in detecting bowel obstruction was significantly higher after evaluation of the plain radiographs. Furthermore, in the 65% of cases with unaltered diagnosis before and after plain abdominal radiography, the level of confidence of that diagnosis did not change. The group concluded that the added value of plain radio- 
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The acute abdomen and plain abdominal radiography graphs is too limited to advocate their routine use in the diagnostic workup of patients with acute abdominal pain. They went on to suggest that plain radiography should be excluded from the initial assessment of patients with acute abdominal pain presenting to the ED.
The role of the plain abdominal radiograph in the diagnosis of specific causes of acute abdominal pain
The recent studies therefore do not support the widespread use of the plain abdominal radiograph in the assessment of the acute abdomen. We will now review some common causes of acute abdominal pain and discuss the role of the plain abdominal radiograph in direct relation to them.
Bowel obstruction
SBO is a relatively common cause of acute abdominal pain.
The most common causes of SBO are adhesions and hernias. Clinical evaluation has limitations in the diagnosis of SBO. The combination of vomiting, increased bowel sounds, and a distended abdomen has a positive predictive value for SBO of 64%. 19 Imaging is therefore utilized at an early stage. If patients are to be managed appropriately, it is crucial to identify the cause of obstruction and to determine whether the obstruction is partial or complete. Furthermore, it is essential to identify closed-loop obstructions (Figure 1 ) at an early stage in order to expedite surgical intervention and avoid ischemia.
Plain abdominal radiography has traditionally been the primary imaging technique for patients with suspected SBO. It has been reported to have 46%-90.8% 15, [19] [20] [21] [22] sensitivity and a specificity of around 50%. 20, 21 Frager et al 22 found that the combination of clinical findings and the interpretation of the plain abdominal radiographs led to a definitive diagnosis of SBO in only 46% of cases. Furthermore, this approach only had a sensitivity of 30% for the detection of partial SBO.
CT is a much more accurate technique for the diagnosis of SBO. It has a reported sensitivity of 93% and a specificity of 100%. 20 The sensitivity of CT is significantly reduced for the diagnosis of partial SBO (64%) as opposed to complete SBO, 21 but it is still much more sensitive than the plain abdominal radiograph. Furthermore, the plain abdominal radiograph cannot be relied upon to supply the exact location or cause of SBO. 22 Indeed, one of the main advantages of CT is its ability to diagnose the cause of obstruction, which in turn guides management (Figures 2 and 3) .
Some authors advocate that clinicians should continue to use the plain abdominal radiograph as the initial imaging technique in the evaluation of patients with SBO whilst maintaining a low threshold for CT if there is a high clinical suspicion. 13 Given that the diagnosis can be so frequently 
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Hampson and Shaw missed with plain radiography, this strategy is questionable. The ACR suggests that CT with intravenous contrast medium is the most appropriate test when complete or high-grade obstruction is suspected. If low-grade or intermittent SBO is suspected, several CT techniques (using barium or water as the contrast agent, enteroclysis) or small bowel examinations (follow-through or enteroclysis) are appropriate. 23 Overall, we believe that CT should be considered the primary imaging modality for suspected SBO.
Traditionally, plain abdominal radiograph has been the primary imaging technique used to assess suspected cases of LBO. CT is generally used to demonstrate the level and cause of obstruction and identify any associated complications such as perforation (Figure 4) . We believe that CT should be the primary imaging technique of choice in patients with suspected LBO as the plain abdominal radiograph may be inconclusive and confusing and hence lead to a delay in further management.
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Figure 3 Seventy-four-year-old woman presenting with abdominal pain, vomiting, diarrhea, and weight loss. A) Plain abdominal radiograph demonstrating a dilated loop of small bowel in the right upper abdomen (black arrow). There is also a partially calcified opacity in the left hemi pelvis (white arrow). B) and C) Axial image and a sagittal reformat of a CT examination acquired following the administration of intravenous contrast medium demonstrating SBO caused by a partially calcified ingested foreign body (white arrow). 
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The acute abdomen and plain abdominal radiography
Intra-abdominal foreign body
Ingested foreign bodies are a common cause of presentation to the ED, particularly in the pediatric population. They are a potential cause of acute abdominal pain. Ahn et al 15 reported that plain abdominal radiography had a sensitivity and specificity of 90% and 100%, respectively, for the detection of intra-abdominal foreign bodies ( Figure 5) . The plain abdominal radiograph may therefore continue to have a role in this situation. Radiography should, however, only be used when demonstration of the foreign body is of clinical relevance, that is, when it is potentially dangerous, for example, a battery (Figure 6 ), or when the patient is symptomatic.
Renal calculi
A number of studies have shown that unenhanced helical CT has a high sensitivity and specificity [25] [26] [27] [28] in the detection of ureteric calculi. It also allows alternative diagnoses to be 
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made. 28 As a result, it has replaced the intravenous urogram as the investigation of choice in the investigation of patients with suspected renal colic. Using CT as the gold standard, Levine et al 29 found that the plain abdominal radiograph had a sensitivity of 45% and a specificity of 77% for the detection of ureteric calculi. There is therefore no need to perform a plain abdominal radiograph prior to CT. Although plain abdominal radiographs may continue to have a part to play in the follow-up of renal calculi, they have no role to play in making the primary diagnosis ( Figure 7 ).
Acute appendicitis
There is good evidence that plain abdominal radiography has no diagnostic value in patients suspected of having acute appendicitis. 15, 30 We and many others therefore believe that there is no role for the plain radiograph in the investigation of patients with suspected appendicitis. Despite this, 50%-75% of patients with suspected appendicitis undergo plain radiography. 30, 31 Both ultrasound and CT have significant roles to play in the diagnosis of acute appendicitis. CT is more accurate 32 and is the generally preferred imaging technique (Figure 8 ). Ultrasound is used as the primary imaging technique in children and women of childbearing age. MRI may be helpful in the diagnosis of acute appendicitis in pregnant patients who have an inconclusive ultrasound examination. [33] [34] [35] Acute diverticulitis, pancreatitis, and cholecystitis Acute colonic diverticulitis does not have any specific radiographic features. Plain abdominal radiographs are therefore unhelpful. CT is used to confirm the suspected diagnosis and detect potential complications. A sentinel loop or the colon 
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The acute abdomen and plain abdominal radiography cutoff sign 36 may be seen on plain abdominal radiographs in cases of acute pancreatitis, but, again, there are no specific radiographic features. As a result, there is no evidence to support the use of the plain abdominal radiograph in this context. Ultrasound is the most frequently performed imaging modality used to evaluate the gallbladder and should be considered the primary imaging technique for patients suspected of having acute cholecystitis. The plain abdominal radiograph has no role here.
Perforated viscus
There is no evidence to support the use of the plain abdominal radiograph as a tool in the diagnosis of a perforated hollow viscus. The diagnosis of free air is better made with an erect chest radiograph, 37 and this is currently the first-line radiological investigation. CT is, however, rapidly replacing the erect chest radiograph. It is more sensitive for the detection of Figure 9 ). Another distinct advantage is that it can accurately determine the exact site of perforation in 86% of cases. 39 Details relating to the site of perforation and whether it is localized or not are valuable to the surgeon, who may then determine whether conservative management or surgery is required.
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Conclusion: the future of the plain abdominal radiograph
Given the low diagnostic yield of the plain abdominal radiograph in the evaluation of the acute abdomen, it is difficult to understand its continued application. The average plain abdominal radiograph exposes the patient to a typical Figure 10 eighty-three-year-old woman with a history of abdominal pain and vomiting. A) Plain abdominal radiograph demonstrating air in the biliary tree (white arrow), dilated loops of small bowel (grey arrow), and a calcified gallstone projected over the pelvis (black arrow). The findings were in keeping with a gallstone ileus. B) and C) Coronal and sagittal reformats of a CT examination performed after the administration of intravenous contrast medium demonstrating the same findings; air in the biliary tree and SBO caused by a gallstone (white arrow). 
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The acute abdomen and plain abdominal radiography effective dose of 0.7 mSv 11 (approximately equivalent to 4 months of natural background radiation), which is equal to 35 chest radiographs. The average abdominal radiograph costs around £20 to acquire. This does not include the cost of the radiographer performing the examination or the reporting radiologist. 40 The typical effective dose delivered during a CT examination of the abdomen/pelvis is around 10 mSv. 11 The average cost of an abdominal/pelvic CT examination is between £400 and £500. These figures will vary according to the protocol employed. Although each individual abdominal radiograph is relatively inexpensive, the high volume of investigations performed results in significant costs. If these radiographs are generally unhelpful or even potentially misleading, often necessitating further investigation regardless of the result, this exposure and the associated financial burden are surely unwarranted; other imaging techniques should probably replace them entirely. If abdominal radiography were a new test, introduced today for the investigation of the acute abdomen, it would almost certainly be a failure.
The OPTIMA study group set out to identify the best imaging strategy for the accurate detection of urgent conditions in patients with acute abdominal pain. 41 They conducted a prospective multicenter study of more than 1000 patients evaluating the added diagnostic value of plain radiographs, ultrasonography, and CT after clinical evaluation. They concluded that although CT is the most sensitive imaging modality for detecting urgent conditions in patients with acute abdominal pain, a strategy that employed CT only after initial radiography and negative/ inconclusive ultrasonography resulted in both the highest overall sensitivity and the minimum radiation exposure. Importantly, the group has now suggested that plain radiography should be entirely excluded from the initial assessment of these patients. 18 Sala et al 42 demonstrated that plain radiography may be avoided if early CT examination is performed. There will, of course, be a price to pay in terms of cost and radiation dose if CT completely replaces plain radiography. These factors seem likely to sustain the use of the plain abdominal radiograph at least in the short term while research into the optimization of imaging strategies continues.
New guidelines are now required to reflect the growing body of evidence against the use of the abdominal radiograph in the context of acute abdominal pain. ED clinicians should surely be encouraged to request more sensitive and specific imaging modalities without delay. The limitations of the abdominal radiograph should be widely publicized, and the factors behind their continued popularity amongst clinicians should be assessed. Do clinicians use abdominal radiographs as a kind of radiological placebo? If so, they may be providing false reassurance. Alternatively, some clinicians may simply be unaware of the potential dangers of overdependence on the abdominal radiograph. Early review by senior clinicians should be encouraged in order that the most appropriate investigations are requested from the outset. This in turn will enable accurate and timely diagnoses to be made, minimizing morbidity and mortality. Although this approach may increase the radiological costs, overall health care costs would decrease.
Until new guidelines are introduced and while the plain abdominal radiograph continues to be utilized in the initial evaluation of the acute abdomen, it is essential that radiologists and emergency clinicians maintain their interpretive skills. Important findings such as pneumoperitoneum, pneumobilia (Figure 10 ), portal venous gas, intramural gas, bowel wall thickening (Figure 11) , SBO, and LBO must be reported. We must also insist on high-quality images. The whole abdomen including the hemidiaphragms and the hernia orifices must be visualized.
Radiologists must also report plain abdominal radiographs in a constructive way. It is best to avoid the term 'nonspecific bowel gas pattern' as this encompasses a broad range of appearances and meanings. It is a somewhat confusing expression used to describe a gas pattern that does not fulfil the criteria of more specific diagnoses. At one extreme, it may describe a normal condition, while at the other end of the spectrum, it may reflect bowel obstruction. If there is a potential abnormality, this should be described and correlated with the clinical picture in order that any additional investigations may be carried out without delay.
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